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To evaluate prospectively the prognostic value of two-
dimensional echocardiography after acute myocardial
infarction, two-dimensional echocardiography was per-
formed on 61 consecutive patients who were admitted
to the hospital with this condition. A left ventricular wall
motion score index was derived from analysis of regional
wall motion; an index of 2.0 or more within 12 hours of
admission identified patients at high risk for pump fail-
ure, malignant ventricular arrhythmia or death. These
complications occurred in 24 of 27 patients with an initial
wall motion score index of 2.0 or more, but in only 6 of
It is clinically useful to identify high risk patients reliably
after acute myocardial infarction, Variables previously shown
to be useful in the risk stratification of patients with acute
myocardial infarction have included clinical assessment
(I), initial chest roentgenogram (2), electrocardiographic
ST segment mapping (3) and the peak serum level of creatine
kinase (4). The most powerful predictor of prognosis is the
degree of left ventricular pump dysfunction as a result of
the infarction process, which these variables indirectly re-
flect (5). However, the ambiguity of the clinical findings
and the lack of sensitivity and specificity of the other vari-
ables have led to the investigation of other methods to assess
the function of the left ventricle and, thus, predict prognosis
for patients with acute myocardial infarction.
Two-dimensional echocardiography is an ideal nonin-
vasive method for the determination of both global and
regional left ventricular function because it allows direct
visualization of the left ventricle and identification of zones
of abnormal myocardial thickening and thinning, Abnormal
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34 with an initial index of less than 2.0 (p < 0.0005).
Of the 47 patients who were in KiIIip class I on admis-
sion, complications developed in 11 (79%) ofthe 14 with
an initial index of 2.0 or more, but in only 6 (18%) of
the 33 with an initial index of less than 2.0.
After acute myocardial infarction, early determina-
tion of the wall motion score index by two-dimensional
echocardiography is useful for identifying patients at
high risk for complications and is especially valuable in
the subset of patients who initially seem to be in stable
condition as judged from clinical variables.
regional wall motion is a sensitive and, early indicator of
myocardial ischemia and thinning (6-10). Measurement of
the degree of wall motion abnormality may be a better
predictor of prognosis than is overall global left ventricular
function. Previous reports (II~13) correlated the anatomic
location of wall motion abnormalities observed on two-
dimensional echocardiography with the location of myo-
cardial infarctionon electrocardiographyand pathologic study.
Quantitative measurement of wall motion score indexes de-
rived from two-dimensional echocardiography has shown
excellent correlation with clinical variables of left ventric-
ular function and has allowed prediction of in-hospital prog-
nosis (13,14).
The purposes of this study were to determine the prog-
nostic value of two-dimensional echocardiography per-
formed early after acute myocardial infarction and to relate
specifically the extent and degree of wall motion abnor-
malities to various clinical variables. In addition, the value
of serial changes in wall motion abnormalities was deter-
mined with respect to in-hospital complications and final
outcome.
Methods
Study patients. The study group consisted of 61 con-
secutive patients with acute myocardial infarction who were
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admitted to the coronary care unit of one of the Mayo Clinic-
affiliated hospitals within 24 hours after the onset of chest
pain. The study period extended from April to July 1982.
Of the 61 patients, 41 were men and 20 were women with
a mean age of 69 years (range 47 to 90).
The diagnosis of myocardial infarction was made if the
patient fulfilled two of the following criteria: 1) a history of
prolonged ischemic pain (> 30 minutes), 2) the presence
of an elevated serum level of creatine kinase with an MB
band of more than 5%, or 3) persistent electrocardiographic
changes of acute myocardial infarction. Electrocardio-
graphic changes of transmural myocardial infarction were
defined as the appearance of new Q waves of at least 40
ms in duration. Nontransmural myocardial infarction was
defined electrocardiographically by the appearance of a new
T wave abnormality that persisted for at least 48 hours. A
myocardial infarction was defined as being nontransmural
if there was a history of prolonged pain and an elevated
creatine kinase (MB band> 5%) without the appearance
of the previously described electrocardiographic changes.
Patients who had received intravenous or intracoronary
streptokinase or who had undergone emergency percuta-
neous transluminal angioplasty or coronary artery bypass
grafting were excluded from the study.
1\ineteen patients had a clinical history of prior myo-
cardial infarction (13 had one myocardial infarction; 5 had
two myocardial infarctions; 1 had three myocardial infarc-
tionsi. Five patients have had previous coronary artery by-
pass surgery. Thirty-eight patients had a history of previous
angina pectoris or myocardial infarction; in the remaining
23 patients, the current myocardial infarction was the first
manifestation of coronary artery disease.
Clinical evaluation. Location of the myocardial infarc-
tion as determined from standard electrocardiographic cri-
teria was anterior in 18 patients, inferior in 25 and inde-
terminate in 18 because of bundle branch block, paced rhythm
or nonspecific T wave changes. Thirty-seven patients were
diagnosed as having had a transmural, and 24 as having had
a nontransmural myocardial infarction. The mean creatine
kinase (CK) level was 492 Uzliter (8.2 J.Lmol·s -I/liter) (range
58 to 2,104; normal 15 to 57 for women and 23 to 99 for
men). All patients had a CK-MB band of 5% or more (mean
14; range 5 to 42). On the basis of the clinical evaluation
on hospital admission, 47 patients were in Killip class I (no
rales or third heart sound), 5 were in class II (third heart
sound or rales less than halfway up lung fields), 5 were in
class III (rales greater than halfway up lung fields) and 4
were in class IV (heart failure and hypotension).
Echocardiography. Two-dimensional echocardiogra-
phy was performed within 24 hours after the onset of chest
pain and within 12 hours after admission to the coronary
care unit. Repeat two-dimensional echocardiograms were
then obtained at 3 days and again at 12 to 14 days after
admission. The studies were performed by using wide angle
sector scanners (phased array or mechanical) with 2.25 and
3.5 MHz transducers. The images were recorded in real
time on a Sony 2800 % inch (1.9 em) video cassette recorder
to allow real time and slow motion playback. Multiple views
were obtained with use of the parasternal long- and short-
axis formats (recorded at the basal and mid levels) and apical
four chamber, long- and short-axis formats. Careful atten-
tion was paid to transducer angulation to avoid oblique views
of the left ventricle, which would make analysis of wall
motion unreliable.
For purposes of detailed analysis of wall motion, a 14
segment model of the left ventricle was used (Fig. 1) (15).
Each of the 14 segments was assigned a number that cor-
responded to the wall motion analysis (0 = hyperkinetic,
1 = normal, 2 = hypokinetic, 3 = akinetic, 4 = dyski-
netic, 5 = aneurysmal). Aneurysmal wall motion was de-
fined as thinned myocardium that demonstrated bulging in
diastole and was dyskinetic in systole. Dyskinetic wall mo-
tion included myocardium that was either thinned or of
normal thickness and did not demonstrate a diastolic bulge.
The sum of these assigned numbers was divided by the
number of segments visualized to derive a wall motion score
index. Thus, the normal left ventricle has a wall motion
score index of 1.0 (14 of 14). The higher the wall motion
score index, the worse the function of the left ventricle. An
index of 2.0 or more had been previously identified as a
prognostic predictor of complications in short-term follow-
up study of patients discharged from the hospital after myo-
cardial infarction (16). Of a total of 157 echocardiographic
studies, there were only 4 (2.5%) in which all 14 segments
could not be visualized. Of these four studies, 12 segments
were visualized in two, 11 segments in one and 10 segments
in one. Both visualization of endocardial motion and thick-
ening of the myocardium were required for adequate anal-
ysis of wall motion.
Each study was reviewed in real time. slow motion and
stop action by two observers who arrived at a wall motion
score index by consensus without knowledge of previous
studies. Electrocardiograms were interpreted by a separate
observer who did not have knowledge of either the clinical
or the two-dimensional echocardiographic data. The as-
signment of a Killip classification (1) was made by clinical
and radiographic observations before the two-dimensional
echocardiographic examination.
Statistical analysis. Comparisons of proportions were
•
made with the chi-square test. Comparisons of mean values
were made with the two-segment Student's t test. The as-
sociations between continuous variables were estimated with
Pearson correlation coefficients. The difference in duration
of follow-up between patients with a high wall motion score
index (~ 2.0) and those with a low wall motion score index
« 2.0) was not statistically different.
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Figure I . A 14 segment model of the left ven-
tricle. The ventricle is divided into three levels:
basal, mid and apical. Each level is divided
into segments: five basal , five mid and four
apical (note that there is only one apical-septal
segment because the septum at the apex is too
small to divide into anterior and inferior por-
tions). Locations of the segments are given in
the table and the representative tomographic
sections . Ant. = anterior; Inf. = inferior; LA
= left atrium; Lat. = lateral; LPV = left
pulmonary vein; LV = left ventricle ; LVOT
= left ventricular outflow tract; MVO = mi-
tral valve orifice; RA = right atrium; RPV =
right pulmonary vein; RV = right ventricle ;
VS Ant. = anterior ventricular septum; VS
Inf. = inferior ventricular septum. (Modified ,
by permission , from Edwards WD , et al. fI5J .)
Apical 2-Ghamber View
Results
Initial clinical course. All patients were followed up
until death , coronary artery bypass graft surgery , percuta-
neous transluminal angioplasty or hospital discharge. The
time to discharge ranged from 9 to 25 days (mean 12).
Twelve patients died during hospitalization. The cause of
death was cardiogenic shock in four patients, sudden elec-
tromechanical dissociation in three patients, respiratory
complications after resuscitation in two patients and intract-
able ventricular fibrillation in one patient. Two patients died
suddenly late in their hospital course.
Other in-hospital complications included congestive heart
failure (23 patients) , postinfarction angina (18 patients) and
malignant ventricular arrhythmia (14 patients). Ventricular
arrhythmia was defined as sustained ventricular tachycardia
or ventricular fibrillation occurring during the initial 6 to 10
days of continuous 24 hour monitoring; it occurred less than
48 hours after the onset of chest pain in seven patients and
48 hours or more after the onset in seven patients. Eight of
the 14 patients with ventricular arrhythmia had clinical evi-
dence of heart failure.
Coronary angiography was performed on 13 patients
because of continued chest pain or positive results on a low
level exercise test performed before hospital discharge. Seven
patients underwent subsequent coronary artery bypass graft
surgery, and two patients had percutaneous transluminal
coronary angioplasty during their hospital stay.
Analysis of Wall Motion
Initial two-dimensional echocardiographic study. A
satisfactory examination was feasible for all 61 consecutive
patients admitted to the coronary care unit. A wide range
of wall motion abnormalities was noted, ranging from mild
hypokinesia to dyskinesia. The wall motion score index
ranged from 1.0 to 3.3 (mean ± SEE 1.9 ± 0.6). Four
patients had completely normal wall motion; these four pa-
tients had electrocardiographic evidence of nontransmural
myocardial infarction.
Correlation of initial wall motion score index with
clinical variables. There was a positive correlation be-
tween the wall motion score index and the peak level of
creatine kinase , but the correlation was poor (r == 0.39; P
== 0.003). This correlation did not improve when patients
with previous myocardial infarction or coronary artery by-
pass procedures were excluded. The wall motion score index
was significantly higher in patients with electrocardiograph-
ically determined anterior myocardial infarction (2.2 ± 0.7)
than in those with inferior infarction (1.8 ± 0.5) or in-
farction of indeterminate location (1.7 ± 0.5) (p < 0.01) .
The index was not significantiy higher in patients with a
history of previous myocardial infarction than in those with-
out previous infarction and was not significantly higher in
patients with electrocardiographically determined trans-
mural myocardial infarction (1.9 ± 0 .6) than in those with
nontransmural infarction (1.8 ± 0.6). Even when patients
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Figure 2. Relation of Killip class and wall motion score index
(WMSI).
without previous myocardial infarction or coronary artery
bypass operations were analyzed, the difference in the wall
motion score index was not significant between those with
electrocardiographically determined transmural (2.0 ± 0.06)
or nontransmural (1.8 ± 0.6) myocardial infarction. The
association was poor between the two-dimensional echo-
cardiographic location of myocardial infarction, defined as
abnormally contracting myocardium in the inferior or an-
terior location, and the electrocardiographic location of
myocardial infarction. This finding was mainly due to the
fact that most patients had abnormally contracting myocar-
dium in both anterior and inferior regions. The difference
in wall motion score index was significant between patients
in Killip class I and those in classes II to IV on admission
(Fig. 2).
Correlation of initial wall motion score index with
complications. The wall motion score index was signifi-
cantly higher in patients who had a complicated hospital
course (2.2 ± 0.5) than in those with an uncomplicated
course (1.6 ± 0.5) ( P = 0.001). Analysis of the index of
patients with complications compared with patients without
complications revealed the following significant differences
(Table I): 1) death (2.5 ± 0.5 [12 patients] versus 1.8 ±
0.6 [49 patients]; p < 0.005); 2) significant ventricular
arrhythmia (2.4 ± 0.5 [14 patients] versus 1.8 ± 0.6 [47
patients]; p < 0.005); and 3) congestive heart failure (2.4
± 0.5 [23 patients] versus 1.6 ± 0.5 [38 patients]; p <
0.0005). Differences in the wall motion score index were
not significant between patients who had postinfarction an-
gina and those who did not (2.0 ± 0.6 [18 patients] versus
1.9 ± 0.7 [43 patients]). The correlation of the initial wall
motion score index with complications was not significantly
altered when subgroups of patients with and without pre-
vious myocardial infarction or coronary artery bypass graft-
ing were analyzed (Table 2).
An initial wall motion score index of 2.0 or more was
highly associated with the development of in-hospital com-
plications (congestive heart failure, ventricular tachycardia,
ventricular fibrillation or death). Only 6 of 34 patients with
a wall motion score index of less than 2.0 had one or more
of these complications, but one or more complications were
experienced by 24 of 27 patients with an index of 2.0 or
more (p = 0.000l).
An initial wall motion score index of 2.0 or more was
associated with increased mortality. Two of 34 patients with
an index of less than 2.0 died as compared with 10 of 27
patients with an index of 2.0 or more (p < 0.005). The
Killip class that was assigned on admission demonstrated a
trend, but was not a statistically significant predictor of
mortality (7 of 47 patients in Killip class 1 died and 5 of
14 patients in classes II to IV died). The difference in the
average peak creatine kinase value between survivors and
nonsurvivors was not significant.
Complications in patients in Killip class I. Forty-seven
patients initially presented without clinical evidence of
congestive heart failure. Ten of these patients later had
congestive heart failure during their hospitalization. These
10 patients could not be differentiated from the 37 patients
who remained in Killip class I with respect to: 1) type of
myocardial infarction (transmural versus nontransmural), 2)
location of myocardial infarction, or 3) peak creatine kinase
value. However, the 10 patients whose condition did de-
teriorate had a significantly higher wall motion score index
(2.4 ± 0.6) than that of patients who remained in class I
(1.6 ± 0.5) (p < 0.0005).
In the group of47 patients who were judged not to have
had heart failure on admission, 33 had a wall motion score
Table 1. Comparison of Initial Wall Motion Score Index in Patients With or Without
In-Hospital Complications After Acute Myocardial Infarction
Wall Motion Score Index
Complication
Congestive heart failure
Ventricular arrhythmia
Death
No Complications
1.6 ± 0.5 (38)
1.8 ± 0.6 (47)
1.8 ± 0.6 (49)
Complications
2.4 ± 0.5 (23)
2.4 ± 0.5 (14)
2.5 ± 0.5 (12)
p Value
< 0.0005
< 0.005
< 0.005
The number of patients is given in parentheses.
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Table 2. Comparison of Initial Wall Motion Score Index in Patients With or Without
In-Hospital Complications After Acute Myocardial Infarction: Analysis by Presence or Absence
of Previous Myocardial Infarction or Coronary Artery Bypass Graft Surgery
Wall Motion Score Index
Complication No Complications Complications p Value
Congestive heart failure
Previous event* 1.6 ± 0.5 (14) 2.4 ± 0.5 (10) < 0.002
No previous event 1.6 ± 0.5 (24) 2.5 ± 0.6 (13) < 0.0001
Ventricular arrhythmia
Previous event L8 ± 0.6 (19) 2.5 ± 0.6 (5) < 0.05
No previous event I.7 ± 0.6 (28) 2.4 ± 0.6 (9) < 0.01
Death
Previous event L8 ± 0.6 (21) 2.7 ± 0.6 (3) < 0.02
No previous event 1.8 ± 0.6 (28) 2.4 ± 0.6 (9) < 0.01
lAce Vol. 4. No.6
December 19X4 IOXO-7
*Previous event == prior clinical history of myocardial infarction or coronary artery bypass grafting. The
number of patients is given in parentheses.
index of less than 2.0 and 14 had an index of 2.0 or more
(Fig. 3). Eleven of the 14 patients with a wall motion score
index of 2.0 or more eventually had an in-hospital compli-
cation (heart failure, significant ventricular arrhythmia or
death) compared with 6 of the 33 patients with an index of
less than 2.0. Thus, an index of 2.0 or more had a significant
association with in-hospital complications, even in this sub-
set of patients who were initially judged to be in stable
condition on the basis of clinical criteria (p < 0.0001).
Change in wall motion score index. Figure 4 demon-
strates the distribution of the changes in the wall motion
score index from the initial to the final study. The changes
in the index were highly variable from patient to patient.
Although either improvement or worsening of the index was
noted on serial studies in individual patients, most patients
demonstrated little change in the index. Overall, the change
in the wall motion score index did not differ significantly
from the first to the last two-dimensional echocardiogram.
The change in the index was not related to the initial index
or the type or location of myocardial infarction. The pres-
ence or absence of an in-hospital complication (death,
congestive heart failure, ventricular arrhythmia or postin-
farction angina) could not be correlated with the change in
the wall motion score index during serial studies. Thus,
most patients did not demonstrate a change in serial wall
motion score index studies; in patients whose index did
improve or worsen, a correlation with hospital course was
not found.
Discussion
Two-dimensional echocardiographic evaluation of
myocardial infarction. Tennant and Wiggers (7) first dem-
onstrated an acute alteration in the pattern of myocardial
contraction with coronary occlusion. Since that time, anal-
ysis of wall motion has been shown to be a sensitive and
early indicatorof myocardial ischemia. In experimental studies
(6,8), the degree of wall motion abnormality was shown to
be directly related to the extent of ischemia as manifested
by grades of occlusion. Autopsy studies (9,10) have shown
a direct relation between the extent of myocardial fibrosis
and wall motion abnormalities as depicted on antemortem
angiograms.
Two-dimensional echocardiography noninvasively al-
lows determination of both global left ventricular function
and segmental wall motion abnormalities by directly visu-
alizing the contractile thickening and thinning properties of
the myocardium, whereas angiographic or radionuclide
methods indicate only endocardial motion. Experimental
studies (17) have correlated two-dimensional echocardio-
graphic measurement of asynergy with the extent of left
ventricular asynergy as measured by force gauge mapping.
The correlation has been excellent between the site and
extent of wall motion abnormalities as detected by two-
dimensional echocardiography and wall motion abnormal-
ities as seen on left ventricular angiography (18,19). The
location of wall motion abnormalities corresponded to the
location of the infarct in pathologic, electrocardiographic
(11,12,20) and radionuclide thallium imaging (21) studies.
Figure 3. Initial wall motion score index (WMSI) and prediction
of in-hospital complications in patients (pts) initially classified in
Killip class 1.
Killip Class I admission
47 pIs
No complication
27 pts
JACC '1)1. 4, No.6
Decemm-r 1984:1080-7
NISHIMURA ET AL.
POSTINFARCTION ECHOCARDIOGRAPHY
1085
60
50
% of 40
patients
30
20
10
0
-35 to -25 to -15 to -5 to 5 to 15 to 25 to
-25 -15 -5 5 15 25 35
% change in WMSI (initial to final study)
Figure 4. Change in wall motion score index
(WMSI) during acute myocardial infarction from
initial to final study. Percent (%) change in the two
studies is shown on horizontal axis and distribution
of patients for each percent change is shown on
vertical axis.
Recent studies (13,14,22,23) have proved the technical fea-
sibility of deriving quantitative wall motion analysis by two-
dimensional echocardiography in the coronary care unit;
interobserver variability of interpretation of wall motion
abnormalities has been small (24,25). In addition to its
portability, these factors make two-dimensional echocardi-
ography an ideal method for the determination of wall mo-
tion abnormalities in patients with acute myocardial infarction.
Prognostic value of wall motion score index. The most
valuable information derived from the wall motion score
index in our study was the ability of the initial index to
allow prediction of those patients who were at high risk for
the development of in-hospital complications (clinical heart
failure, life-threatening ventricular arrhythmia and death).
Its use was applicable to all patients as well as to subsets
on the basis of the presence or absence of previous myo-
cardial infarction or coronary artery bypass grafting. Six of
34 patients with a wall motion score index of less than 2.0
had complications compared with 24 of 27 patients with an
index of 2.0 or more. More importantly, an index of 2.0
or more allowed identification of a high risk subgroup in
the patients who did not have clinical evidence of heart
failure on admission. This ability to predict hemodynamic
deterioration in patients whose poor left ventricular function
is initially compensated and, thus, unsuspected on the basis
of clinical variables has been substantiated in previous re-
ports (13,14,22,23).
Other reports (13,14) have shown the wall motion score
inacx to be an excellent predictor of in-hospital mortality.
In our study, 10 of 27 patients with a wall motion score
index of 2.0 or more died; but only 2 of 34 patients with
an index of less than 2.0 died. Importantly, clinical or lab-
oratory variables were not found to be statistically significant
in predicting in-hospital mortality in comparison to the ini-
tia wall motion score index.
Overestimation of infarct size by analysis of wall mo-
tion. The wall motion score index derived from two-di-
mensional echocardiography cannot be equated with infarct
size. Although some studies did demonstrate a correlation
between wall motion abnormalities and infarct size (26),
other studies showed that analysis of the wall motion score
index by two-dimensional echocardiography consistently
overestimated infarct size in the acute (16,27,28) and chronic
(29) situations.
This overestimation of infarct size probably has many
causes. Many patients will have areas of fibrosis from pre-
vious myocardial injury that cause wall motion abnormal-
ities that are indistinguishable from the new infarction. These
may be present even in the absence of a previous clinical
myocardial infarction. The recently proposed concept of
"stunned myocardium" (30), according to which ischemia
may cause transient wall motion abnormalities without in-
farction (17,25), may be applicable. A hypothesis by Wyatt
et al. (31) suggested that infarcted muscle fibers may act as
a parallel mechanical resistor and impede contraction in
adjacent, normally perfused segments (the "parallel fiber
hypothesis"). "Ischemia at a distance" (32,33) may also
contribute to overestimation of infarct size in that areas of
the myocardium remote from the infarct have development
of wall motion abnormalities due either to interruption of
collateral channels by occlusion of the feeding vessel or to
increased oxygen demand in noninfarcted myocardium per-
fused by a second critically narrowed vessel. Although the
wall motion score index does not correlate directly with
infarct size, it is a functional index of overall wall motion
(14,27), which in itself may have as much clinical relevance
as infarct size.
Serial evaluation of wall motion. Serial studies in pa-
tients with acute myocardial infarction have shown unpre-
dictable changes in ventricular function. Both serial radio-
nuclide scintigraphy (34,35) and echocardiographic studies
(26,36) during the acute infarction period have demonstrated
that some patients show an improvement in left ventricular
function, some show a deterioration in left ventricular func-
tion and most have left ventricular function that remains
unchanged as confirmed in this study. Changes in the wall
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motion score index showed no relation to the type or location
of myocardial infarction or to the initial wall motion score
index; nor did the change in the wall motion score index
have any predictive value for the determination of compli-
cations or outcome.
Summary. The two-dimensional echocardiogram is an
ideal noninvasive method for the visualization of wall mo-
tion abnormalities in the early phases of acute myocardial
infarction. The instruments are portable, and studies are
readily available at a patient's bedside. The degree of wall
motion abnormality may be assessed by an overall wall
motion score index, which averages wall motion abnor-
malities from each individual segment of the left ventricle.
The prognostic value of the wall motion score index in the
prediction of which patients will have in-hospital compli-
cations is particularly relevant with the current trend to
shorten the hospital stay of patients with uncomplicated
myocardial infarction (37). The index is especially useful
in the identification of a high risk subgroup of patients who
initially appear to be in stable condition on the basis of
clinical variables.
We acknowledge the technical assistance of Vernon P. Weber and the
statistical aid of Chu-Pin Chu.
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